Objective To analyze the factors related to urinary tract infection (UTI) occurrence after an urodynamic study (UDS) in patients with spinal cord injury (SCI). Methods We retrospectively investigated the medical records of 387 patients with SCI who underwent UDS with prophylactic antibiotic therapy between January 2012 and December 2012. Among them, 140 patients met the inclusion criteria and were divided into two groups, UTI and non-UTI. We statistically analyzed the following factors between the two groups: age, sex, level of injury, SCI duration, spinal cord independence measure, nonsteroidal anti-inflammatory drug use, diabetes mellitus, the American Spinal Injury Association impairment scale (AIS), lower extremity spasticity, a history of UTI within the past 4 weeks prior to the UDS, symptoms and signs of neurogenic bladder, urination methods, symptoms during the UDS and UDS results. Results Among the 140 study participants, the UTI group comprised 12 patients and the non-UTI group comprised 128 patients. On univariate analysis, a history of UTI within the past 4 weeks prior to the UDS was significant and previous autonomic dysreflexia before the UDS showed a greater tendency to influence the UTI group. Multivariable logistic regression analysis using these two variables showed that the former variable was significantly associated with UTI and the latter variable was not significantly associated with UTI. Conclusion In patients with SCI, a history of UTI within the past 4 weeks prior to the UDS was a risk factor for UTI after the UDS accompanied by prophylactic antibiotic therapy. Therefore, more careful pre-treatment should be considered when these patients undergo a UDS.
INTRODUCTION
Neurogenic bladder is one of the most common complications in patients with spinal cord injury (SCI) and can cause recurrent urinary tract infection (UTI) and kidney damage during the patient's life span [1] . The state of neurogenic bladder may change during the disease period, and therefore, regular evaluation of bladder function is important. Urodynamic study (UDS) is the most commonly used method for evaluating bladder function [2] [3] [4] [5] [6] . However, UDS has a few side effects, including UTI [7] . Risk factors for UDS-related UTI have been reported previously, including diabetes, old age (>70 years), history of urination control surgery, indwelling catheterization, in addition to certain procedures such as tissue biopsy [8] [9] [10] , and neurogenic bladder in patients with SCI. In patients with SCI, bladder paralysis, unstable detrusor muscle activity, pyuria before a UDS, and the use of intermittent catheterization or reflex voiding have often been related to UTI occurrence [11, 12] . Therefore, physicians in many hospitals prescribe prophylactic antibiotics to patients with SCI to prevent UTI when they are going to perform a UDS.
One study reported that UTI can occur after a UDS, even after a course of prophylactic antibiotic therapy [13] . However, the reason for the occurrence of UTI is still unclear. The aim of this study was to determine the risk factors related to UTI occurrence after a UDS during the course of antibiotic prophylaxis in patients with SCI.
MATERIALS AND METHODS

Subjects
We retrospectively reviewed the medical records of patients with SCI who were hospitalized at National Rehabilitation Hospital, in whom the absence of UTI was confirmed, and who underwent UDS between January 2012 and December 2012. A total of 387 patients' records were reviewed, and the exclusion criteria were (1) the patients who did not complete UDS, (2) the patients who were taking antibiotics before UDS, and (3) the patients who were unavailable for observation of the clinical progress for the week after the UDS. Ultimately, 140 patients were included in this study.
Methods
In this study, UTI was defined as an infection that met all of the criteria: (1) clinical symptoms that are suspicious for UTI (fever, increased urinary incontinence, lower abdominal pain, increased spasticity, and frequent urination), (2) pyuria (white blood cells >10/HPF) in the urinalysis, (3) bacteriuria (>100,000/mL) in the bacterial culture test [5] .
Before undergoing UDS, post-void residual volume (PVR) was measured using a BladderScan BVI 3000 (Verathon, Bothell, WA, USA). After the patient voided or was catheterized, experienced nurses measured PVR multiple times. If maximum volume was more than 100 mL, the patient was categorized as having "presence of residual urine".
In addition, before each UDS in patients with SCI, the presence of UTI was confirmed as follows: a medical examination was performed for detecting UTI symptoms and signs, and urinalysis and a urinary bacterial culture test with antibiotic sensitivity were carried out. After absence of UTI was confirmed, the patients were administered ciprofloxacin 500 mg three times a day for 5 days, starting from the day before the UDS. UDS was performed using the Duet Multi-P urodynamic measuring system (Medtronic, Minneapolis, MN, USA) following the recommendations of the International Continence Society [14] . During observation for 1 week after UDS, only those patients who showed UTI symptoms underwent urinalysis and urine bacterial culture test. Subsequently, according to the definition of UTI, the patients were categorized into one of the two groups, UTI or non-UTI. A comparative analysis was performed for the three domains: general characteristics, items related to neurogenic bladder before UDS, and symptoms during UDS and UDS results.
First, general characteristics included age, gender, level of injury, SCI duration, spinal cord independence measure (SCIM), non-steroidal anti-inflammatory drug (NSAID) use, diabetes mellitus (DM), the American Spinal Injury Association impairment scale (AIS), and lower limb spasticity. Second, the factors related to neurogenic bladder before UDS included a history of UTI within the past 4 weeks prior to the UDS, previous autonomic dysreflexia, urinary incontinence, residual urine, pyuria, bacteriuria and urination method. With respect to a history of UTI, we could not determine the exact result for bacteriuria and antibiotics which were used previously www.e-arm.org because the patients had been treated at other hospitals. Therefore, we assessed whether the patient had been prescribed antibiotics for UTI in those days. Finally, the presence of autonomic dysreflexia and urinary incontinence during the UDS were compared, and the compared items from the UDS results were as follows: detrusor compliance, maximum detrusor pressure, bladder capacity, bladder sensation, and detrusor activity [15] .
Statistical analysis was performed using SPSS ver. 20.0 (IBM, Armonk, NY, USA). Mann-Whitney U test was used to compare the mean value of age, SCI duration and SCIM between the two groups. Chi-square test and Fisher exact test were used to analyze the categorical data for gender, level of injury, NSAID use and DM. Linear by linear association was used for tendency analysis of UTI in relation to AIS and severity of spasticity. Univariate regression analysis was performed to determine the association between UTI occurrence and neurogenic bladder. Using the variables with either statistical or clinical significance, multivariable logistic regression analysis was performed to adjust for confounding factors. The goodness of fit for the final model was confirmed with the Hosmer-Lemeshow test and the predictive power for UTI was indicated by 95% confidence interval (CI) using the C-statistic and the DeLong method. A C-statistic value of 0.7-0.9 was considered to be appropriate, and a p-value less than 0.05 was considered statistically significant.
RESULTS
There were 12 participants in the UTI group and 128 participants in the non-UTI group, and the percentage of participants included in the UTI group was 8.6% (95% CI, 4.7%-14.8%).
General characteristics
There were no differences in age, gender, level of injury, SCI duration, SCIM, NSAID use, or presence of DM between the two groups. In addition, there were no statistically significant differences in AIS and the severity of lower limb spasticity between the two groups ( Table 1) .
Items related to neurogenic bladder before UDS
A history of UTI within the past 4 weeks prior to the UDS had a more significant relationship with UTI in the UTI group than in the non-UTI group (p=0.006). Previous autonomic dysreflexia did not show a statistically significant difference between the two groups, but it exhibited a greater tendency to influence the UTI group. There were no significant differences in urinary incontinence, residual urine, or pyuria before UDS between the two groups. In addition, no significant differences were observed in bacteriuria conditions or urination method between the two groups ( Table 2) .
Symptoms during UDS and UDS results
There were no significant differences in the presence of autonomic dysreflexia, urinary incontinence symptom during the UDS, and UDS results between the two groups www.e-arm.org (Table 3) . The results of the multivariable logistic regression analysis including a history of UTI within the past 4 weeks prior to the UDS and previous autonomic dysreflexia showed that adjusted risk of UTI occurrence was 4.53 times (95% CI, 1.27-16.14) higher in patients with a histo- Values are presented as number (%). UDS, urodynamic study; UTI, urinary tract infection; OR, odds ratio; CI, confidence interval; MaxPdet, maximal detrusor pressure.
www.e-arm.org ry of UTI within the past 4 weeks prior to the UDS, which was statistically significant. Adjusted risk of UTI was 2.34 times (95% CI, 0.63-8.68) higher in patients with previous autonomic dysreflexia, but the difference was not statistically significant (Table 4 ).
DISCUSSION
Among the 140 patients with SCI who were scheduled for UDS, the incidence of UTI after UDS was 8.6% despite prophylactic antibiotic therapy. Previous studies have reported that the post-UDS UTI rates ranged from 0% to 20% [11, 13, 16] . This wide range of rates could be the result of different prophylactic regimens used in the studies.
Patients with SCI who undergo UDS are considered to be at high risk for UTI after UDS, and many studies have reported that prophylactic antibiotic therapy is necessary for patients with SCI before they undergo UDS. Latthe et al. [17] reported that significant bacteriuria decreased by 40% after prophylactic antibiotic therapy, and Foon et al. [13] reported that prophylactic antibiotic therapy reduced the risk of significant bacteriuria compared with that in the placebo group and it also decreased the risk of hematuria. Pannek and Nehiba [18] reported the occurrence of significant UTI in 9.7% of outpatients with demonstrable symptoms and concluded that prophylactic antibiotic therapy should be prescribed to patients with SCI who are about to undergo UDS, since the therapy is relatively safe. There are no standardized criteria for prescribing prophylactic antibiotic therapy for patients who are going to receive a UDS. One study recommended ciprofloxacin as a prophylactic antibiotic; ciprofloxacin is one of the fluoroquinolone drugs, and it is widely applicable to both gram-positive and gram-negative bacteria [11] .
However, some researchers have reported that prophylactic antibiotics should be used carefully, considering the occurrence of antibiotic-resistant bacteria and side effects. Darouiche et al. [16] reported that prophylactic antibiotic therapy did not lead to a statistically significant difference in the risk of symptomatic UTI. Naber et al. [9] and Almallah et al. [19] reported that prescribing prophylactic antibiotics before UDS is not necessary unless there is an appropriate indication.
Various factors that are associated with UTI after UDS have been reported. Bothig et al. [12] reported that significant bacteriuria and reflex voiding were risk factors for post-UDS UTI in patients with SCI. The European Association of Urology stated that old age, diabetes, decreased immunity, history of UTI or genitourinary infection, and indwelling catheter are associated risk factors of UTI [20] . Other risk factors for UTI and bacteriuria were reported to be as follows: kidney disease, recurrent UTI, dysuria, artificial heart valves, antibiotic use within a month before the UDS, and pyuria just before UDS [11, 13, 19, 21, 22] . In contrast, UDS findings were found to be not related to the occurrence of UTI after the UDS [8, 11, 23] , and NSAID use has been reported to decrease UTI risk [24, 25] .
The above-mentioned factors were reported in UDS studies that did not assess the use of prophylactic antibiotics or patients without SCI. In this study, we compared the previously reported risk factors of UTI after a UDS with a prophylactic antibiotic. Among these risk factors, only a history of UTI within the past 4 weeks prior to the UDS was found to be statistically significant. A previous study also reported that antibiotic use in the preceding month was a risk factor for UTI after UDS, but the reason was not revealed [11] . Asymptomatic bacteriuria with sensitivity to ciprofloxacin prior to UDS was not significant. We assumed that UTI occurrence after a UDS accompanied by a prophylactic antibiotic was associated with bacteriuria that had caused past symptomatic UTI rather than with asymptomatic bacteriuria prior to the UDS.
There were no significant differences between the two groups with respect to the clinical findings during UDS or the UDS results. These observations were similar to the results from existing studies and UDS findings seemed to have a much lower effect on UTI occurrence.
Our study has several limitations. First, the timing of www.e-arm.org urinalysis and bacterial culture test before UDS was not standardized. Specifically, urinalysis and bacterial culture test were performed just before UDS in some patients, but other patients were tested at different times.
In patients with SCI, asymptomatic pyuria and bacteriuria are common, and intravesical species often vary. Therefore, the susceptibility of bacteria toward specific prophylactic antibiotics can vary. To address this issue, it would be meaningful to perform urinalysis and bacterial culture test just before providing prophylactic antibiotics to all patients who are going to receive a UDS. Second, we could not confirm the findings for previous bacteriuria based on the antibiotic sensitivity test results or antibiotic use in patients with a history of UTI within the past 4 weeks prior to the UDS because the patients had been treated at other hospitals in those days. If we had been able to include these two data items in our study, the incidence of post-UDS UTI might have been different. This supposition should be confirmed by performing further studies.
Third, there was a considerable difference in the number of participants included in the UTI group and the non-UTI group. In some areas, the number of participants was zero, and thus, there may have been some confusion during the statistical analysis. This was inevitable because of the low incidence of UTI after UDS with prophylactic antibiotic therapy.
Finally, although previous autonomic dysreflexia before UDS was not statistically significant in univariate analysis, the variable was included in the study's multivariable logistic regression model. This was necessary because previous autonomic dysreflexia showed a tendency to influence the UTI group. Moreover, both goodness of fit and the final configured model's predictive power for UTI based on previous autonomic dysreflexia were found to be acceptable (p=0.658, C-statistic=0.7402). Therefore, the multivariable logistic regression model that included previous autonomic dysreflexia was also deemed acceptable.
In conclusion, despite antibiotic prophylaxis, the incidence of post-UDS UTI in patients with SCI was not infrequent in this study. One risk factor of UTI occurrence after UDS with prophylactic antibiotic therapy was a history of UTI within the past four weeks prior to the UDS. We recommend that management prior to a UDS should be carefully performed in patients with SCI who have a history of UTI during that time period.
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